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[bookmark: _Toc143849925]CHAPTER 4

[bookmark: _Toc143849926]SUMMARY AND CONCLUSIONS
Chapter 2 Summary	Comment by Kathryn Ramsey: Review what I wrote for Ch 2 and revise and simplify this summary. As an example in Ch2, your work is summarized in the abstract, the last paragraph in the introduction, and the first paragraph in the discussion. 
RNASeq demonstrated that any of the three bS21 homologs of F. tularensis can regulate the abundance of rpsU2 transcript abundance. However, bS21-1 and bS21-3 were not found to regulate their own expression, indicating that bS21-2 autoregulation is unique among the three homologs.
lacZ reporter fusions were used to further investigate the cis-factors that lead to bS21-2 autoregulation. Through qRT-PCR, the reporters recapitulated the RNASeq data, showing that  rpsU2 had several fold more transcript in cells lacking bS21-2, than in wild-type cells. Additionally, it was shown that the 5′ UTR of the rpsU2 transcript is sufficient to cause regulation. β-galactosidase assays showed that contrary to the increase in transcript abundance, bS21-2 protein abundance did not increase. 
Secondary structures predicted in the leader sequence of rpsU2 were assayed as a potential site of regulatory activity. GFP reporters were used to assess the contribution of these stem loops to both the transcript and protein abundances of rpsU2, bS21-2. The results of qRT-PCR indicated that the first 35 nucleotides of the leader sequence are not required for regulation of the rpsU2 transcript. In addition, GFP assays also indicated that these nucleotides were not required for regulation of the bS21-2 protein. 
Finally, stability of the rpsU2 transcript was assessed. The qRT-PCR results repeatedly showed that the half-life of the rpsU2 transcript was increased in cells lacking bS21-2. This would necessarily indicate that bS21-2 destabilizes its own transcript. However, due to variability in the experiments statistical significance was not found. Thus, further testing would be required to confirm whether bS21-2 destabilizes its own transcript as the mode of autoregualtion. 
This study examined some interesting facets of the regulation of the bS21 homologs, though, namely, bS21-2 in the precise regulation of its transcript. However, there are an abundance of questions left to answer. 
Chapter 3 Summary	Comment by Sierra Schmidt: I didn't know if I should also simplify this but I figured I could replace it with the prior if you'd like, and offer the simplified version	Comment by Sierra Schmidt: Mostly I thought the length difference after simplifying the Chapter 2 section looked awkward lol
In Chapter 3, I screened different growth conditions to identify stimuli that lead to altered abundance of bS21-1 or bS21-3. In particular, I used GFP reporter fusions to assess either bS21-1 or bS21-3. For the majority of these tested conditions, there were no observed changes in reporter activity that were statistically significant or biologically meaningful. However, I identified two conditions in which there may be major altered abundance of bS21-1 and/or bS21-3. 
When compared to cells grown in our standard culture media, supplemented Mueller-Hinton Broth (sMHB), cells grown on cystine heart agar plates with hemoglobin (CHA-H plates) had an increase in reporter activity corresponding to both bS21-1 and bS21-3. This was additionally true of the cells grown in Chamberlain's chemically defined liquid medium (CDM). Both findings were validated using different reporters, lacZ fusion constructs. 
I also found that cells with the plasmid-based gfp reporter for bS21-1 had increased reporter gene expression in low pH MHB. This suggests that low pH could lead to an increased abundance of the rpsU1 transcript. However, these results could not be validated in cells containing the chromosomally-encoded lacZ reporter construct. In fact, there was nearly no reporter gene activity (ß-galactosidase activity) after cells were incubated for one hour in low pH. 
The discordance between these reporters may be explained by a few options. First, the gfp reporter construct to assess bS21-1 production may have reported for another gene in the operon, the cold shock family protein, CspC. It is possible that cspC is induced in low pH conditions but that other regulatory mechanisms prevent additional production of bS21-1 (and thus, production of ß-galactosidase from the translational reporter). However, it is also possible that the low pH conditions inactivated the ß-galactosidase enzyme. In particular, I also found that cells with the bS21-3 lacZ reporter construct had no reporter activity when tested in the same low pH condition. 
Together, I found that F. tularensis cells grown in different growth media appear to have increased production of bS21-1 and bS21-3 and low pH may induce production of bS21-1. However, much remains to be found about how production of these ribosomal proteins is controlled. 
[bookmark: _Toc143849927]FURTHER QUESTIONS
1. Does bS21-2 definitively affects the stability of its own transcript, and is this a direct interaction?
In Chapter 2, I explored the cis-encoded factors which lead to the regulation of the rpsU2 transcript by its own protein. Specifically, I established that the 5′ UTR of rpsU2 is sufficient to lead to regulation by bS21-2. This led me to investigate whether or not bS21-2 was impacting the stability of its own transcript. In multiple replicates of this experiment the mRNA corresponding to the rpsU2 operon had increased stability in wild-type cells compared to cells lacking bS21-2. However, these differences were not statistically significant. This could have either resulted from stability simply not being the factor affected by bS21-2, or it could be due to a need to optimize the protocol to reduce variability in replicates. Thus, to determine if stability actually plays a role in the regulation of the rpsU2 transcript, it would be necessary to repeat the stability assay described in Chapter 2. 
If  stability leads to the autoregulation by bS21-2, then it would be interesting to determine how bS21-2 exactly controls stability. Given that the 5′ UTR of rpsU2 is sufficient for regulation, and that the stability model canonically relies on the 5′ UTR of the transcript for degradation by its subsequent protein, it would be informative to determine what parts of the 5′ UTR are necessary for the bS21-2-mediated changes in stability. As described in Chapter 2, the two stem-loops at the 5´ end of the 5′ UTR are not necessary for regulation by bS21-2. To identify which elements of the 5′ UTR are necessary, we will make similar reporters with various mutations or truncations of the 5′ UTR and assess their relative transcript abundance in cells with and without bS21-2 to identify mutants that are no longer responsive to bS21-2. 	Comment by Kathryn Ramsey: Use the active voice instead of passive
The mechanism will then be further explored to determine whether bS21-2 makes direct contact with the transcript to cause regulation, or whether there is a trans-acting factor. Specifically, we will purify bS21-2 and combine it with test and control mRNAs in an electrophoresis mobility shift assay (EMSA). This assay allows protein to interact with, in this case, mRNA transcripts or not. These reactions are then run on a gel, and weight comparisons allow for assertions of protein-mRNA complexes. In particular, we will test the ability of bS21-2 to bind to the rpsU2 5′ UTR compared to the tul4 5′ UTR, and any modified rpsU2 5′ UTRs that are unresponsive to bS21-2. 
2. What controls the expression of bS21 protein abundance?
Apart from the transcriptional regulation of rpsU2 discussed in Chapter 2, I also demonstrated that there is a disconnect between rpsU2 transcript abundance and bS21-2 protein abundance. This suggests that there is another factor regulating the translation of the rpsU2 transcript. A few methods could be implemented to elucidate these other factor(s). 
First, mariner transposon-led mutagenesis of a GFP reporter construct will be used to indicate genes of interest. Presumably, were the transposon to interrupt a gene that represses bS21-2 then the GFP abundance would increase, and this will be caught either by colony color changes or through fluorescence readings on a 96-well plate. Subsequently, mutants with higher abundance of bS21-2 will be sequenced and analyzed to reveal potential regulatory proteins.   	Comment by Kathryn Ramsey: Propose GFP and alter to all be in the active voice.	Comment by Kathryn Ramsey: First be specific about what reporter strain, then say you’d use a transposon (maybe mariner, since it hops into TA dinucleotides?) to mutagenize, THEN outline expectations. 
In a biochemical approach, we will attempt to identity proteins that directly bind the rpsU2 5′ UTR. Specifically, we will obtain a synthesized version of the rpsU2 5′ UTR containing a 3´ biotin tag. We will incubate this with cell lysates and isolate any RNA-protein complexes by immunoprecipitation using streptavidin beads. Any associated proteins will be identified using mass spectrometry, generating a list of potential proteins that may regulate the protein abundance of bS21-2. These can be further characterized through standard genetic knockout studies. 
3. What genetic elements influence the production of bS21-1 and bS21-3?
In Chapter 3, I screened a number of growth conditions to identify significant changes in both transcript and protein abundance of bS21-1 and bS21-3. However, most of the environments screened did not result in any statistically or biologically significant changes in either or both transcript and protein abundance. 
Another approach to identify factors controlling expression of these bS21 homologs would be to take a genetic approach. In particular, I propose taking a transposon mutagenesis approach to screen for genes important for bS21 homolog production, using GFP as a reporter by fusing it chromosomally to either bS21-1 or bS21-3, in frame. The subsequent analysis and interpretation is the same as indicated in future direction 2. However, in this case I will look for genes that are associated with environmental processes to ascertain what environments may affect either bS21-1 or bS21-3. Though, this screening could simultaneously be used to ascertain regulating elements that affect bS21-1 or bS21-3. 	Comment by Kathryn Ramsey: Fusing it how? E.g., the amino acids encoding bS21-1 followed by GFP or some other version? Is this on the chromosome or on a plasmid? 
It is important to mention that while this assay would capture mutants that produced more bS21-1 or bS21-3, it likely would not be able to capture mutants which result in less of these two homologs, due to fluorescence read ranges and the low relative fluorescence of wild-type LVS. This would then lose positive regulators of bS21-1 or bS21-3 expression. However, as written, it provides a good starting point, and could potentially lead to these positive regulators if a paired system is uncovered. 	Comment by Kathryn Ramsey: Why not? 	Comment by Sierra Schmidt: Wasn't sure if you wanted me to explain in more detail my thinking, or if you disagree	Comment by Kathryn Ramsey: Maybe leave out the variability in blue for the lacZ reporters- you’d have to do a bunch more explaining and I don’t think we have great explainations!
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